1. Introduction {#s0005}
===============

The genus *Ferula* L. distributed worldwide ([@b0225]) mainly in central and South-west Asia and Mediterranean basin ([@b0275]) is the third largest genus of Apiaceae ([@b0225]). In Turkey, the genus *Ferula* has 23 species, 13 of which are endemic to Turkish Flora. ([@b0215], [@b0080], [@b0240], [@b0245], [@b0250], [@b0220], [@b0255]). *Ferula* species are traditionally used in the treatment of various diseases. Aerial parts of *F. rigidula* DC. subsp. *rigidula*, all parts of *F. orientalis* L., the roots of *F. elaeochytris* Korovin and *F. longipedunculata* Peşmen are used as immunostimulant, aphrodisiac, antidiabetic, anticholesterolemic, emmenagogue, menstrual regulator and for treatment of gastric pain in Anatolia ([@b0020], [@b0090], [@b0075], [@b0095], [@b0200]). Phytochemical studies on *Ferula* species showed the presence of daucane, germacrane, humulane type sesquiterpenes ([@b0185], [@b0190], [@b0180], [@b0010], [@b0085], [@b0145], [@b0015]), sesquiterpene lactone derivatives ([@b0110], [@b0140]) and sesquiterpene coumarins ([@b0195], [@b0290], [@b0005], [@b0120], [@b0115], [@b0065], [@b0150], [@b0155]). Furthermore, furanocoumarin, asetophenone, benzofuran sesquiterpenes ([@b0130], [@b0055], [@b0170], [@b0175]) and flavonoids ([@b0295]) were isolated from these species. In this study, we aimed to investigate the antioxidant and antimicrobial activities of different extracts from *Ferula caspica* M. Bieb. and to isolate polar and apolar secondary metabolites from the active extracts.

2. Material and methods {#s0010}
=======================

2.1. General experimental procedures {#s0015}
------------------------------------

NMR spectra (600 MHz for ^1^H NMR and 125 MHz for ^13^C NMR) were measured on Agilent spectrometry. HR-ESI-MS spectra were recorded on the Bruker micro Q-TOF/6500 mass spectrometer. Silica gel 60 (0.063--0.200 mm/70--230 mesh, Merck, Germany), Sephadex LH 20 (Merck, Germany) and reversed-phase material (C-18, LiChroprep 25--40 µm, Merck, Germany) were used for column chromatography (CC) and Silica gel 60 F~254~ (Merck, Germany) was used for Thin Layer Chromatography (TLC) and Preparative Thin Layer Chromatography (pTLC). Detection of spots on the plates was done with 1% Vanillin-sulphuric acid or ceric sulfate reagents and UV light (Camag 254 and 366 nm). Mueller-Hinton Broth (MHB, BBL, MD, USA), RPMI-1640 medium (ICN-Flow, Aurora, OH-USA) with L-glutamine and 3-(N-morpholino)propane sulphonic acid (MOPS) (Buffer-ICN-Flow, Aurora, OH-USA) were used for the antimicrobial activity. Reagents and standard compounds used in antioxidant capacity assays were purchased from Sigma-Aldrich (USA).

2.2. Plant material and the extraction procedure {#s0020}
------------------------------------------------

Plant materials were collected from Nallıhan-Davutoğlan Bird Paradise, Ankara province Central Anatolia Region of Turkey in June 2011. The specimens were identified by Prof. Dr. Hayri Duman, Gazi University, Faculty of Science, Department of Botany, Ankara, Turkey. Voucher specimens were deposited at the Herbarium of the Faculty of Pharmacy, Hacettepe University, Ankara (HUEF 11003).

Air dried and powdered aerial parts of *F. caspica* (597 g) were extracted with chloroform (5 L × 4) to give 27 g extract (yield: 4.5%) and methanol (5 L × 4) to give 64 g extract (yield: 10.7%), respectively, using rotary extractor under 40 °C without vacuum. The methanol extract was partitioned between ethyl acetate and water to yield 5 g EtOAc extract (yield: 0.8%) (see [Fig. 1](#f0005){ref-type="fig"}).Fig. 1Structures of compounds 1--11.

2.3. Isolation of the compounds 1--11 {#s0025}
-------------------------------------

Chloroform extract (27 g) was fractionated by silica gel column chromatography using *n*-hexane and EtOAc with increasing polarity (95:5--0:100) to give 7 fractions (Frs. A--G). Fr. B (577 mg) was refractionated by silica gel column chromatography (CC) using *n*-hexane and acetone (95:5--90:10) to yield 5 fractions (Frs. B~1--5~). Then, Fr. B~1~ (30 mg) subjected to pTLC (*n*-hexane-acetone, 3:2) to afford the mixture of **4/5** (10 mg). In a sequential manner, Fr. B~4~ (150 mg) was chromatographed on silica gel eluting by increasing polarity of acetone in *n*-hexane (90:10--0:100), sephadex LH-20 (cyclohexane-CH~2~Cl~2~-EtOH, 7:4:1) and pTLC (*n*-Hekzane-EtOAc, 3:2) to purify compound **1** (26 mg). Fr. D (300 mg) was submitted to silica gel CC eluted with *n*-hexane-EtOAc (9:1) and then the mixture of compounds **6/7** was yielded from Fr. D~2~ (77.5 mg) with pTLC (toluen-EtOAc-acetonitrile, 40:9:1). Fr. F (1 g) was resubmitted to silica gel CC with the increasing volume of EtOAc in toluene (80:20--0:100). Fr. F~2~ (145.5 mg) was subjected to silica gel (toluen-EtOAc, 97:3--92.5:7.5), Sephadex LH-20 CC (cyclohexane-CH~2~Cl~2~-EtOH, 7:4:1) and pTLC (toluen-EtOAc-acetonitrile, 40:9:1) to obtain compound **3** (10 mg). Compound **2** (6 mg) was purified from Fr. F~4~ (147.8 mg) with silica gel CC (toluen-EtOAc, 96:4--91:9) and pTLC (toluen-EtOAc-acetonitrile, 40:9:1).

EtOAc extract (5.0 g) was fractionated by Reverse Phase-Vacuum Liquid Chromatography (RP-VLC) (H~2~O-MeOH, 100:0--0:100) to give fractions (Frs. 1--6). Fr. 2 (200 mg) refractionated by RP-VLC (H~2~O-MeOH, 100:0--0:100) to yield sequential fractions and then compound **11** (10 mg) was gained from Fr. 2b (40 mg) by pTLC (CHCl~3~-MeOH-H~2~O, 61:32:7). Compound **10** (10 mg) and **8** (7 mg) were purified from Frs. 3 (100 mg) and 5 (100 mg), respectively by applying silica gel CC (CHCl~3~-MeOH, 90:10--0:100 for Fr. 3 and EtOAc-MeOH-H~2~O, 100:5:1 for Fr. 5) and pTLC (CHCl~3~-MeOH-H~2~O, 61:32:7 for Fr. 3 and EtOAc-MeOH-H~2~O, 100:13.5:10 for Fr. 5). And finally, Fr. 6 (86.5 mg) was chromatographed on silica gel (CHCl~3~-MeOH, 98:2--87:13) to give sequential fractions and Fr 6b (27 mg) was applied on Sephadex LH-20 CC (MeOH) to yield compound **9** (13.2).

2.4. Antimicrobial and antioxidant activity assays {#s0030}
--------------------------------------------------

The extracts were tested against the bacterial (*Escherichia coli* ATCC 25922, *Enterococcus faecalis* ATCC 29212, *Pseudomonas aeruginosa* ATCC 27853, *Staphylococcus aureus* ATCC 29213) and fungal species (*Candida albicans* ATCC 90028, *C. krusei* ATCC 6258, *C. parapsilosis* ATCC 90018) by using broth microdilution method reported by the Clinical and Laboratory Standards Institute ([@b0280], [@b0285]). Gentamycin and fluconazole were used as reference compounds. The test was performed in Mueller-Hinton Broth (MHB, BBL, MD, USA) for bacteria. RPMI-1640 medium (ICN-Flow, Aurora, OH-USA) with L-glutamine, buffered with 3-(N-morpholino)propane sulphonic acid (MOPS) (Buffer-ICN-Flow, Aurora, OH-USA) at pH = 7.4 was used as the test medium for fungi. The microtiter plates were incubated at 35 °C for 18--24 h for bacteria and 48 h for fungi. Minimum inhibitory concentrations (MIC) were defined visually as the lowest concentrations of the extracts that had no turbidity.

Antioxidant capacities of the obtained extracts were evaluated by the following methods:2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) ([@b0230]) radical cation scavenging activity, ferric-reducing antioxidant power (FRAP) ([@b0205]) and cupric ion reducing antioxidant capacity (CUPRAC) ([@b0025]). The quantitative determinations of flavonoids and phenolic compounds of all extracts were conducted aluminum chloride method ([@b0045]) and Folin--Ciocalteu assay ([@b0265]), respectively. Briefly, after adding 200 µL of diluted ABTS solution to 20 µL of different concentrations of the test samples in ABTS radical scavenging assay the absorbance were measured at 734 nm. In CUPRAC assay, 50 µL of each of copper(II) chloride, neocuproine, and ammonium acetate solutions were mixed with 25 µL of the test sample and 25 µL of water. After incubating 30 min, absorbance was measured at 450 nm. According to Oyaizu's assay, after incubating at 50 °C for 20 min, the mixture of test sample (20 µL), sodium phosphate buffer (pH 6.6, 0.2 M, 50 µL) and potassium ferricyanide (50 µL, 1%, w/v) were acidified by adding trichloroacetic acid (50 µL, 10% w/v). 50 µL of this solution was mixed with distilled water (50 µL) and iron(III) chloride (10 µL, 0.1% w/v). Absorbance was read at 700 nm after 30 min incubation. The absorbance of the mixture of the test sample (25 µL), ethanol (75 µL, 95%), aluminum chloride (5 µL, 10%), potassium acetate (5 µL, 1 M) and distilled water (140 µL) was measured at 415 nm in aluminum chloride method. Finally, according to Folin-Ciocalteu assay of Slinkard and Singleton, the absorbance of the mixture of 100 µL of diluted Folin reagent, 20 µL of the test sample and 80 µL of sodium carbonate (7.5%) solution, after 2 h incubation, was measured at 765 nm.

2.5. Statistical analysis {#s0035}
-------------------------

Obtained data from antioxidant capacity assays were analyzed using one-way ANOVA followed by Tukey test, *p*-values \< 0.05 were considered statistically significant.

3. Results {#s0040}
==========

Isolation studies were performed on chloroform and ethyl acetate extracts showed the highest activity in the assays for antimicrobial and antioxidant activities, respectively.

3.1. Structural elucidation of compounds 1--11 {#s0045}
----------------------------------------------

The chloroform extract obtained from the aerial parts of *F. caspica* was fractionated by a serial chromatographic procedures with normal-phase silica gel, Sephadex LH-20 and preparative thin layer chromatography (pTLC) to afford three known sesquiterpene derivatives (**1**--**3**) as well as known phenylpropanoid (**4/5**) and steroid (**6/7**) mixtures; 1-(2′,4′-dihydroxyphenyl)-3,7,11-trimethyl-3-vinyl-6(*E*),10-dodecadien-1-one (**1**) ([@b0130]), 2,3-dihydro-7-hydroxy-2,3-dimethyl-2-\[4′,8′-dimethyl-3′,7′-nonadienyl\]-furo\[3,2,c\]coumarin (**2**) ([@b0125]), 2,3-dihydro-7-hydroxy-2,3-dimethyl-3-\[4′,8′-dimethyl-3′,7′-nonadienyl\]-furo\[3,2,c\]coumarin (**3**) ([@b0135]), laserine/2-epilaserine mixture (**4/5**) ([@b0030]), stigmasterol and *β*-sitosterol mixture (**6/7**) ([@b0050]).

The ethyl acetate fraction of methanolic extract of the dried aerial parts of *F. caspica* was subjected to column chromatography over reversed-phase RP-18 silica gel, normal-phase silica gel, Sephadex LH-20 and pTLC to give three known flavonoids (**8**--**10**) and a benzoic acid derivative (**11**); kaempferol-3-*O*-*β*-glucopyranoside (**8**) ([@b0100]), kaempferol-3-*O*-*α*-rhamnopyranoside (**9**) ([@b0060]), quercetine-3-*O*-*β*-glucopyranoside (**10**) ([@b0100]) and 2,4-dihydroxybenzoic acid (**11**) ([@b0260]).

Structures of the compounds were determined by comparison of their spectroscopic data with those reported in the literatures.

### 3.1.1. Spectral data of compounds 1--11 {#s0050}

**1-(2**′**,4**′**-dihydroxyphenyl)-3,7,11-trimethyl-3-vinyl-6(*E*),10-dodecadien-1-one (1)**: ^1^H NMR **(**600 MHz, CDCl~3~) of **1**: *δ*~H~ 7.64 (1H, d, *J* = 8.2, H-6′), 6.37 (1H, d, *J* = 3, H-5′), 6.36 (1H, s, H-3′), 5.86 (1H, dd, *J* = 17.6/10.5 Hz, Vinyl-CH), 5.09 (1H, †, H-6), 5.08 (1H, †, H-10), 5.02 (1H, d, *J* = 11, Vinyl-CH~2a~), 4.96 (1H, d, *J* = 17.6 Hz, Vinyl-CH~2b~), 2.89 (2H, d, *J* = 4.1 Hz, H-2), 2.05 (2H, m, H-9), 1.95 (2H, †, H-5), 1.95 (2H, †, H-8), 1.68 (3H, s, H-12), 1.59 (3H, s, H-11Me), 1.58 (3H, s, H-7Me), 1.53 (2H, m, H-4), 1.17 (3H, s, H-3Me); ^13^C NMR (150 MHz, CDCl~3~): *δ*~C~ 204.1 (C-1), 165.5 (C-2′), 162.6 (C-4′), 145.7 (Vinyl-CH), 133.2 (C-6′), 135.1 (C-7), 131.3 (C-11), 124.3 (C-10), 124.2 (C-6), 115.1 (C-1′), 112.2 (Vinyl-CH~2~), 107.6 (C-5′), 103.5 (C-3′), 47.1 (C-2), 41.1 (C-4), 40.3 (C-3), 39.7 (C-8), 26.7 (C-9), 25.7 (C-12), 23.2 (C-3Me), 22.8 (C-5), 17.7 (C-11Me), 16 (C-7Me).

**2,3-dihydro-7-hydroxy-2,3-dimethyl-2-\[4**′**,8**′**-dimethyl-3**′**,7**′**-nonadienyl\]-furo\[3,2,c\]coumarin (2)**: ^1^H NMR **(**600 MHz, CDCl~3~) of **2**: *δ*~H~ 7.53 (1H, d, *J* = 8.6 Hz, H-9), 7.18 (1H, d, *J* = 2.4 Hz, H-6), 6.86 (1H, dd, *J* = 8.6/2.3 Hz, H-8), 5.1 (1H, t, *J* = 7.0 Hz, H-3′), 5.06 (1H, t, *J* = 7.0 Hz, H-7′), 3.29 (1H, q, *J* = 7.0 Hz, H-3), 2.12 (2H, m, H-2′), 2.04 (2H, m, H-6′), 1.95 (2H, m, H-5′), 1.8 (2H, m, H-1′), 1.67 (3H, s, H-9′), 1.58 (3H, s, H-4′Me), 1.58 (3H, s, H-8′Me), 1.46 (3H, s, H-2Me), 1.31 (3H, d, *J* = 7.0 Hz, H-3Me); ^13^C NMR (150 MHz, CDCl~3~): *δ*~C~ 166.1 (C-9b), 162.5 (C-4), 161.2 (C-7), 156.7 (C-5a), 135.9 (C-4′), 131.4 (C-8′), 124.1 (C-9), 124.1 (C-7′), 123.1 (C-3′), 113.4 (C-8), 105.5 (C-9a), 103.1 (C-3a), 103.1 (C-6), 97.1 (C-2), 41.8 (C-3), 41.7 (C-1′), 39.6 (C-5′), 26.6 (C-6′), 25.6 (C-9′), 22.1 (C-2′), 20.4 (C-2Me), 16 (C-4′Me), 16 (C-8′Me), 14.7 (C-3Me).

**2,3-dihydro-7-hydroxy-2,3-dimethyl-3-\[4**′**8**′**-dimethyl-3**′**,7**′**-nonadienyl\]-furo\[3,2,c\]coumarin (3)**: ^1^H NMR **(**600 MHz, CDCl~3~) of **2**: *δ*~H~ 7.54 (1H, dd, *J* = 8.6/1.9 Hz, H-9), 7.21 (1H, d, *J* = 2.2 Hz, H-6), 6.87 (1H, dd, *J* = 8.6/2.2 Hz, H-8), 5.03 (1H, t, *J* = 6.8 Hz, H-3′), 5.03 (1H, t, *J* = 6.8 Hz, H-7′), 4.64 (1H, q, *J* = 6.7 Hz, H-2), 1.99 (2H, †, H-6′), 1.91--2.06 (2H, †, H-2′), 1.88 (2H, †, H-5′), 1.65 (2H, †, H-1′), 1.64 (3H, s, H-9′), 1.56 (3H, s, H-8′Me), 1.54 (3H, d, *J* = 6.8 Hz, H-2Me), 1.48 (3H, s, H-4′Me), 1.45 (3H, s, H-3Me); ^13^C NMR (150 MHz, CDCl~3~): *δ*~C~ 167.4 (C-9b), 162.4 (C-4), 161.3 (C-7), 156.8 (C-5a), 135.3 (C-4′), 131.3 (C-8′), 124.3 (C-9), 124.2 (C-7′), 124.0 (C-3′), 113.7 (C-8), 105.7 (C-9a), 105.5 (C-3a), 103.2 (C-6), 93.4 (C-2), 46.6 (C-3), 34.8 (C-1′), 39.6 (C-5′), 26.6 (C-6′), 25.7 (C-9′), 23.8 (C-2′), 13.9 (C-2Me), 23.4 (C-3Me), 17.7 (C-8′Me), 16.0 (C-4′Me).

**Laserine (4):** ^1^H NMR **(**600 MHz, CDCl~3~) of **4**: *δ*~H~ 6.58 (1H, d, *J* = 1.5 Hz, H-6′), 6.56 (1H, d, *J* = 0.9 Hz, H-2′), 6.09 (1H, m, H-3″), 6.05^\*^ (1H, m, H-3‴), 5.97^\*^ (2H, s, H-7′), 5.76 (1H, d, *J* = 7.4 Hz, H-1), 5.35 (1H, dq, *J* = 7.3/6.5 Hz, H-2), 3.87 (3H, s, OMe), 1.97 (3H, dq, *J* = 7.3/1.5 Hz, H-4″), 1.93^\*^ (3H, dq, *J* = 7.3/1.5 Hz, H-4‴), 1.88 (3H, p, *J* = 1.5 Hz, H-5″), 1.85^\*^ (3H, p, *J* = 1.5 Hz, H-5‴), 1.16 (3H, d, *J* = 6.5 Hz, H-3); ^13^C NMR (150 MHz, CDCl~3~): *δ*~C~ 167.1^\*^ (C-1‴), 166.6^\*\*^ (C-1″), 148.9 (C-5′), 143.5^\*^ (C-3′), 139.0 (C-3″), 138.2^\*^(C-3‴), 135.4 (C-4′), 131.7^\*^ (C-1′), 127.8^\*^ (C-2‴), 127 (C-2″), 107.2 (C-2′), 101.6 (C-6′), 101.6 (C-7′), 77.1 (C-1), 71.2 (C-2), 56.6 (OMe), 20.6 (C-5″), 20.6^\*^ (C-5‴), 16.8 (C-3), 15.8 (C-4″), 15.7 (C-4‴).

**2-Epilaserine (5):** ^1^H NMR **(**600 MHz, CDCl~3~) of **5**: *δ*~H~ 6.58 (1H, d, *J* = 1.5 Hz, H-6′), 6.56 (1H, d, *J* = 0.9 Hz, H-2′), 6.13 (1H, m, H-3″), 6.06^\*^ (1H, m, H-3‴), 5.96^\*^ (2H, s, H-7′), 5.91 (1H, d, *J* = 4 Hz, H-1), 5.28 (1H, dq, *J* = 6.5/4.5 Hz, H-2), 3.87 (3H, s, OMe), 2.01 (3H, dq, *J* = 7.3/1.5 Hz, H-4″), 1.95^\*^ (3H, dq, *J* = 7.5/1.5 Hz, H-4‴), 1.96 (3H, p, *J* = 1.5 Hz, H-5″), 1.84^\*^ (3H, p, *J* = 1.5 Hz, H-5‴), 1.26 (3H, d, *J* = 6.5 Hz, H-3); ^13^C NMR (150 MHz, CDCl~3~): *δ*~C~ 167.2^\*^ (C-1‴), 166.5^\*^ (C-1″), 149 (C-5′), 143.4^\*\*^ (C-3′), 139.3 (C-3″), 138.3^\*^ (C-3‴), 135 (C-4′), 131.6^\*^ (C-1′), 127.7^\*^ (C-2‴), 127 (C-2″), 106.9 (C-2′), 101.2 (C-6′), 101.6 (C-7′), 75.9 (C-1), 71.6 (C-2), 56.6 (OMe), 20.6 (C-5″), 20.5^\*^ (C-5‴), 15.8 (C-4″), 15.7 (C-4‴), 15.1 (C-3).

***β*-sitosterol (6):**^1^H NMR **(**600 MHz, CDCl~3~) of **6:** *δ*~H~ 5.35 (1H, †, H-6), 3.51 (1H, m, H-3), 1.01 (3H, s, H-18), 0.92 (3H, d, *J* = 6.5 Hz, H-21), 0.84 (3H, t, *J* = 7.1 Hz, H-29), 0.83 (3H, d, *J* = 7 Hz, H-27), 0.81 (3H, d, *J* = 7 Hz, H-26), 0.68 (3H, s, H-19).

**Stigmasterol (7)**^1^H NMR **(**600 MHz, CDCl~3~) of **7:** *δ*~H~ 5.35 (1H, †, H-6), 5.15 (2H, dd, *J* = 15.2/8.8 Hz, H-23), 5.02 (2H, dd (*J* = 15.3/8.8 Hz, H-22), 3.51 (1H, m, H-3).

**Kaempferol 3-O-*β*-D-glucopyranoside (8):**^1^H NMR **(**600 MHz, CD~3~OD) of **8:** *δ*~H~ 8.03 (2H, dd, *J =* 6.9/1.9 Hz, H-2′, H-6′), 6.86 (2H, dd, *J =* 6.9/1.9 Hz, H-3′, H-5′), 6.24 (1H, d, *J =* 2 Hz, H-8), 6.08 (1H, d, *J =* 2 Hz, H-6), 5.12 (1H, d, *J =* 7.5 Hz, H-1″), 3.38--3.45 (2H, †, H-2″, H-3″), 3.30 (H, †, H-4″), 3.18 (H, m, H-5″), 3.67 (1H, dd, *J =* 11.9/2.4 Hz, H-6a″), 3.53 (1H, dd, *J =* 11.9/5.4 Hz, H-6b″); ^13^C NMR (150 MHz, CD~3~OD): *δ*~C~ 178.8 (C-4), 163 (C-7), 161.7 (C-5), 161.7 (C-4′), 158.9 (C-9), 158.3 (C-2), 135.3 (C-3), 132.2 (C-2′/C-6′), 122.9 (C-1′), 116.2 (C-3′/C-5′), 104.1 (C-10), 104.6 (C-1″), 101.2 (C-6), 96.2 (C-8), 78.4 (C-3″), 78.1 (C-5″), 75.8 (C-2″), 71.3 (C-4″), 61.6 (C-6″).

**Kaempferol-3-*O*-*α*-rhamnopyranoside (9):**^1^H NMR **(**600 MHz, CD~3~OD) of **9:** *δ*~H~ 7.76 (2H, d, *J =* 8.8 Hz, H-2′, H-6′), 6.93 (2H, d, *J =* 8.8 Hz; H-3′, H-5′), 6.36 (1H, d, *J =* 1.7 Hz, H-8), 6.19 (1H, d, *J =* 1.8 Hz, H-6), 5.38 (1H, d, *J =* 1.5 Hz, H-1″), 4.22 (1H, m, H-2″), 3.32--3.34 (2H, †, H-4″, H-5″), 0.92 (3H, d, *J =* 5,9 Hz, H-6″); ^13^C (150 MHz, CD~3~OD): *δ*~C~ 178.2 (C-4), 164.7 (C-7), 161,7 (C-5), 160.1 (C-4′), 157.8 (C-9), 157.1 (C-2), 134.8 (C-3), 130.5 (C-2′, C-6′), 121.2 (C-1′), 115.2 (C-3′, C-5′), 104.4 (C-10), 102.1 (C-1″), 98.5 (C-6), 93.4 (C-8), 71.8(C-4″), 70.7 (C-3″), 70.5 (C-2″), 70.4 (C-5″), 16.2 (CH~3~).

**Quercetin-3-*O*-*β*-glucopyranoside (10):**^1^H NMR **(**600 MHz, CD~3~OD) of **10:** *δ*~H~ 7.9 (1H, d, *J =* 2.1 Hz, H-2′), 7.45 (1H, dd, *J =* 8.5/2.1 Hz, H-6′), 6.82 (1H, d, *J =* 8.5 Hz, H-5′), 6.39 (1H, d, *J =* 2.1 Hz, H-8), 6.16 (1H, d, *J =* 2.0 Hz, H-6), 5.13 (1H, d, *J =* 7.3 Hz, H-1″), 3.63 (1H, dd, *J =* 11.8/2.5 Hz, H-6a″), 3.47 (1H, dd, *J =* 11.8/5.4 Hz, H-6b″), 3.32--3.38 (2H, †, H-2″, H-3″), 3.26 (1H, m, H-4″), 3.22 (1H, m, H-5″); ^13^C NMR (150 MHz, CD~3~OD) *δ*~C~ 179.2 (C-4), 165.4 (C-7), 162.9 (C-5), 158.9 (C-2), 158.0 (C-9), 149.3 (C-4′), 145.3 (C-3′), 135.7 (C-3), 124.1 (C-1′), 122.7 (C-6′), 118.1 (C-2′), 115.9 (C-5′), 105.4 (C-10), 105.1 (C-1″), 99.8 (C-6), 94.7 (C-8), 78.1 (C-3″), 77.8 (C-5″), 75.5 (C-2″), 71.0 (C-4″), 62.8 (C-6″).

**2,4-dihydroxy benzoic acid (11):** ^1^H NMR **(**600 MHz, CD~3~OD) of **11:** *δ*~H~ 7.65 (1H, d, *J =* 8.5 Hz, H-6), 6.21 (1H, dd, *J =* 8.5/2.4 Hz, H-5)**,** 6.18 (1H, d, *J =* 2.3 Hz, H-3); ^13^C NMR (150 MHz, CD~3~OD): *δ*~C~ 164.3 (C-2 or C-4), 162.9 (C-2 or C-4), 133.0 (C-6), 112.4 (C-1), 108.9 (C-5), 102.9 (C-3).

^†^Unclear due to overlapping.

^\*^Signals of laserine and 2-epilaserine are interchangeable due to the similarity of the signals.

3.2. Antimicrobial activities and antioxidant capacities of the extracts {#s0055}
------------------------------------------------------------------------

The chloroform extract of the aerial parts from *F. caspica* showed the highest antibacterial activity against gram-positive bacteria (*Enterococcus faecalis* and *Staphylococcus aureus*) with the MIC value of 32 and 64 μg/mL ([Table 1](#t0005){ref-type="table"}), respectively.Table 1Antimicrobial activities of *F. caspica* and *F. halophila* extracts (MIC, μg/mL).BacteriaFungi*S. aureus*\
ATCC 29,213*E. faecalis*\
ATCC29212*P. aeruginosa*\
ATCC27853*E. coli*\
ATCC 25,922*C. parapsilosis*\
ATCC 90,018*C. krusei*\
ATCC6258*C. albicans*\
ATCC 90,028FC/AP/CHCl~3~**3264**512512128256256FC/AP/MeOH1024512512512256128256FC/AP/EtOAc51251210241024256256128Gentamicin**0.12810.5------**Fluconazole**--------0.5160.5**[^1][^2]

The ethyl acetate extract from the aerial parts of *F. caspica* exhibited the highest antioxidant activity in all test assays with the value of 177.23 ± 1.17 mg gallic acid equivalent/g extract in CUPRAC assay and 268.28 ± 1.84 mg Trolox equivalent/g extract in ABTS radical cation scavenging assay as well as 207.38 ± 7.42 mg quercetin equivalent/g extract in FRAP assay ([Table 2](#t0010){ref-type="table"}). In addition, the same extract was found to have the highest total flavonoid and total phenolic content; 97.66 ± 1.89 mg quercetin equivalent/g extract and 214.04 ± 3.21 gallic acid equivalent/g extract ([Table 2](#t0010){ref-type="table"}), respectively.Table 2Antioxidant capacities of *F. caspica* and *F. halophila* extracts.ExtractsCUPRAC\
(mg GA/g extract)ABTS\
(mg Trolox/g extract)FRAP\
(mg Quercetin/g extract)Total phenol\
(mg GA/g extract)Total flavonoid\
(mg Quercetin/g extract)FC/AP/CHCl~3~42.64 ± 5.7888.57 ± 1.2412.94 ± 0.5546.51 ± 2.038.17 ± 0.34FC/AP/MeOH53.75 ± 4.4878.66 ± 3.0758.65 ± 0.9959.16 ± 3.4212.14 ± 1.67FC/AP/EtOAc**177.23** ± 1.17**268.28** ± 1.84**207.38** ± 7.42**214.04** ± 3.21**97.66** ± 1.89[^3][^4]

4. Discussion {#s0060}
=============

In the literature, the antioxidant capacity of *F. caspica* has not been reported, previously, and there aren't any recent studies on this species. To evaluate the antioxidant capacities of the extracts, ABTS radical cation scavenging activity, CUPRAC, and FRAP assays were tested. These methods are based on an electron transfer reaction resulted in a color change, the degree of which is related to the antioxidant concentration ([@b0105]). ABTṠ^+^, Cu(II) and Fe(III) are reduced by acquiring an electron from antioxidant in corresponding assays ([@b0230], [@b0025], [@b0035]). According to the literature, phenolics/flavonoids are well known with their antioxidant activities varying by structural changes ([@b0235]). [@b0070] determined that the total phenolic contents of hexane, diethyl ether, ethyl acetate, and methanol extracts of the aerial parts and roots of *F. szovitsiana* were correlated with DPPH radical scavenging activities and FRAPs. Thereby, the high antioxidant capacity of the ethyl acetate extract of *F. caspica* is accordant with the high phenolic/flavonoid content and the literature findings ([@b0235], [@b0070]).

The antimicrobial activity of *F. caspica* has not been reported so far. [@b0270] determined the significant antimicrobial activities of sesquiterpenes isolated from *F. kuhistanica* against methicillin-sensitive and methicillin-resistant *S. aureus*. Among the petroleum ether, hexane, hot/cold water and ethanol extracts of *F. asafoetida*, the hexane extract showed the highest antimicrobial activity and apolar extracts were found to be more active than the polar extracts ([@b0040]). The essential oil from the seeds of *F. tunetana* inhibited the Gram (+)/Gram (−) bacteria and phenylpropanoid-rich essential oil of the underground parts of the *F. heuffelii* exhibited antimicrobial activity against Gram (+) bacteria and fungi ([@b0210], [@b0300]). The previous reports on *F. ferulioides,* [@b0165], [@b0160]) tested the antimicrobial activities of isolated acetophenone and furocoumarin sesquiterpenes, including compounds **1**--**3**. Compounds **1**--**3** showed antimicrobial activity against tetracycline-resistant *S. aureus* strain with the MIC values of 2 µg/mL, 2 µg/mL and 4 µg/mL, respectively. Therefore, the highest activity of the chloroform extract can be attributed to isolated compounds **1**--**5**.

5. Conclusion {#s0065}
=============

This is the first report of antioxidant capacity and antimicrobial activity of *F. caspica* M Bieb. In this research, eleven secondary metabolites were isolated from chloroform (**1**--**7**) and ethyl acetate extracts (**8**--**11**). The compounds **1**, **2**, **3**, **4**, **5**, **6**, **7** and **11** have been previously isolated from several *Ferula* species, while three flavonoid derivatives (**8**--**10**) were reported for the first time in *Ferula* species obtained from the ethyl acetate extract, which was the most active extract for antioxidant activity.
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[^1]: FC: *Ferula caspica*; AP: Aerial parts; CHCl~3~: Chloroform extract; MeOH: Methanolic extract; EtOAc: Ethyl acetate extract.

[^2]: Bold value indicates FC/AP/CHCl₃ showed the highest antibacterial activity against *S. aureus* and *E. faecalis*

[^3]: FC: *Ferula caspica*; AP: Aerial parts; CHCl~3~: Chloroform extract; MeOH: Methanolic extract; EtOAc: Ethyl acetate extract; GA: Gallic acid; values statistically different at *p* \< 0.05.

[^4]: Bold value indicates FC/AP/EtOAc was the most active extract in all antioxidant capacity test assays
